T r i a l s and experiments performed on e x i s t i n g S c l a l l Waterpl ane Area, Twin Hull (SWATH) ships have Val idated t h e i r o p e r a t i o n a l s u p e r i o r i t y o v e r m o n o h u l l s i n a number o f o f f s h o r e m i s s i o n s , p a r t i c u l a r l y f o r s h i p s o f s m a l l displacement. SWATH s h i p t e c h n o l o g y has now matured t o t h e p o i n t w h e r e a small SWATH s h i p c a n s e r i o u s l y be cons
i d e r e d a c o m p e t i t o r t o s m a l l m o n o h u l l s i n a number o f o f f s h o r e t a s k s . T h i s p a p e r i s a s y n o p s i s o f r e c e n t w o r k e x a m i n i n g t h e p o t e n t i a l o f s m a l l SWATH s h i p s i n c o a s t a l and o f f s h o r e p a t r o l m i s s i o n s d r a w i n g o n f u l l s c a l e o p e ra t i o n a l t r i a l s d a t a and early stage designs. Extensive o p e r a t i o n a l t r i a l s on e x i s t i n g SWATH ships have been performed and have led to a number o f p o s t u l a t e d m i ss i o n s f o r s n a l l
SWATH s h i p s i n c l u d i n g m i n e c o u n t e m e a sures, oceanographic research, buoy-tending, search and rescue, and US coastal law enforcement.
These mission a p p l i c a t i o n s have l e d t o a number o f e a r l y . s t a g e d e s i g n s t u d i e s t o d e t e r m i n e t h e c h a r a c t e r i s t i c s o f s m a l l SHATV s h i p s c o n f i g u r e d f o r t h e v a r i o u s m i s s i o n s .
A summary o f s m a l l SWATH s h i p c h a r a c t e r i s t i c s , b a s e d on t h r e e f e a s i b i l i t y l e v e l d e s i g n s and two concept level designs o f SWATH s h i p s done b y t h e a u t h o r s a r e p r e s e n t e d h e r e i n . These ships were designed t o meet c u r r e n t and planned United States Coast Guard (USCG) missions, and range from 125 LTON t o 750 LTON i n displacement. These data are presented as r e p r e s e n t a t i v e o f s m a l l SWATH s h i p s f o r t h o s e who m i g h t c o n s i d e r t h e SNATH c o n c e p t f o r c o a s t a l a n d o f f s h o r e d u t y . O p i n i o n s a n d c o n c l u s i o r s p r e s e n t e d i n t h i s p a p e r a r e t h o s e o f t h e a u t h o r s and may n o t r e p r e s e n t o f f i c i a l US Navy (USN) or USCG t h i n king.
The b a s i c t h e o r y u n d e r l y i n g t h e SLIATH concept i s as follows: place most of the buoyant volume well bel o w t h e sea surface and most of the useable volume we1 l above t h e s u r f a c e , a n d c o n n e c t t h e t w o w i t h t h e minimum reasonable volume. The r e s u l t i s a t w i n h u l l s h i p c h a ra c t e r i z e d b y r e l a t i v e l y l a r g e s p a c i n g b e t w e e n t h e u n d e rw a t e r h u l l s and small waterplane area struts. These t w o f a c t o r s p r o v i d e t h e SWATH s h i p w i t h sone key advant a g e s o v e r c o n v e n t i o n a l m o n o h u l l s . F i r s t l y , t h e a m p l it u d e o f a s h i p ' s m o t i o n i n a seaway i s g r e a t l y a f f e c t e d b y wave e x c i t i n g f o r c e s w h i c h t o t h e f i r s t o r d e r , i s p r o p o r t i o n a t e t o i t s w a t e r p l a n e area. Therefore, a s m a l l w a t e r p l a n e a r e a r e s u l t s i n s m a l l s h i p m o t i o n s . This superior seakeeping has been demonstrated time ag a i n i n f u l l s c a l e t r i a l s ,
[l], model t e s t s , and i n nume r o u s a n a l y t i c a l s t u d i e s ,
Secondly, due t o t h e i r c o n f i g u r a t i o n , SWATH ships can be designed t o have l a rg e r i n t e r n a l volumes and deck areas than monohulls o f s i m i l a r d i s p l a c e m e n t , t h e r e b y e n h a n c i n g t h e o p e r a t i o n a l f l e x i b i l i t y o f t h e s h i p . T h i s a l s o has been demonstrat e d w i t h f u l l s c a l e s h i p s and early stage designs. The p r i c e p a i d f o r t h e s e a t t r i b u t e s i s a s h i p w i t h g r e a t e r w e i g h t s e n s i t i v i t y t h a n most monohulls, resulting from t h e s m a l l w a t e r p l a n e a r e a s t r u t s and the correspondingl y l o w t o n s p e r i n c h o f i m n e r s i o n ( T P I ) c h a r a c t e r i s t i c s and u s u a l l y a somewhat g r e a t e r d r a f t .
I n general, the SWATH concept has proven t o b e s e n s i t i v e t o a g r e a t e r number of physical parameters than monohulls. These parameters have a s u b s t a n t i a l " f e e d b a c k " e f f e c t i n a SWATH s h i p d e s i g n s p i r a l .
As a r e s u l t , SWATH s h i p des i g n i s , as a whole, more complex than monohull design and t h e e a r l y s t a g e c o n c e p t d e f i n i t i o n i s more c r i t i c a l .
As of 1983, t h e a u t h o r s a r e aware o f o n l y f i v e ope r a t i o n a l SWATH ships. I n t h e U n i t e d S t a t e s t h e r e a r e t h e SSP KAIMALINO (SSP), [3] , a US Navy work boat disp l a c i n g 220 LTON, and t h e SUAVE LINO, [4] , a 50 LTON p r i v a t e l y owned f i s h i n g b o a t .
The r e m a i n i n g t h r e e a r e i n Japan: M i t s u i E n g i n e e r i n g a n d 
M i t s u b i s h i S h i p b u i l d i n g h a s b u i l t t h e
OHTORI, a hydrographic survey vessel a1 so d i s p l a c i n g some 250 LTON. C u r r e n t l y , RMI o f San Diego has designed and i s i n t h e p r o c e s s o f c o n s t r u c t i n g a vessel of about 60 LTON.
M i t s u i has r e c e n t l y begun c o n s t r u c t i o n o f w h a t i s t o be t h e l a r g e s t SblATH s h i p i n t h e w o r l d , a 2800 LTON oceanographic research vessel.
O f p r i n c i p a l i n t e r e s t i n t h i s p a p e r a r e t h e SSP KAIMALINO, t h e MESA 80, and t h e SUAVE LINO. Data and photographs of these ships are presented i n F i g u r e 1.
ed on t h e SSP, t h e SUAVE LINO and t h e MESA 80, a l l of
Comprehensive t e c h n i c a l t r i a l s have been performw h i c h h a v e v a l i d a t e d t h e SWATH concept. O f p a r t i c u l a r i n t e r e s t t o t h i s p a p e r t h o u g h a r e t h e o p e r a t i o n a l tria l s p e r f o r m e d o n t h e v a r i o u s c r a f t . S i n c e i t s l a u n c h i n 1974, t h e SSP has seen numerous o p e r a t i o n a l t r i a l s , i n c l u d i n g : r e m o t e l y c o n t r o l l e d s u b m e r s i b l e l a u n c h , recovery, tracking and support; helicopter launch and r e c o v e r y t r i a l s w i t h a LAMPS I h e l i c o p t e r ; o v e r -t h es i d e o r t h r o u g h -c e n t e r w e l l l a u n c h
and r e c o v e r y o f t e s t buoys, towed arrays, Zodiac boats, and other test equipment; tests for minehunting and acoustic sonar; a c o u s t i c t r i a l s ; d e g a u s s i n g d e m o n s t r a t i o n s ; t e s t r a n g e support operations; buoy-tendi ng tri a1 s; salvage and towing operations; marine biological surveys; search and rescue; and side-by-side seakeeping t r i a l s with nonohulls of larger displacements, :' !:
l t e r n a t i v e f o r b o t h t h e m i n e h u n t i n g a n d n e u t r a l i z a t i o n r o l e s . F u r t h e r , t h e s t u d y c o n c l u d e d t h a t a t t h i s t i m e t h e d e s i g n and cons t r u c t i o n o f an aluminum SWATH s h i p w o u l d e n t a i l f e w i f As a r e s u l t o f t h e d e m o n s t r a t e d o p e r a t i o n a l f l e x iThe p o t e n t i a l o f a SWATH s h i p i n t h e m i n e h u n t i n g /
risks o r unknowns. Based on t r i a l work on the SUAVE LINC. the potential of the SNATH concept i n the hydroy a p 1 . j~ survey role was investigated, at a f e a s i b i l i t y level, by Nessrs. Benen and Druonond, [7] . Seakeeping and stationkeeping being irnportant factors, sr;ialT SWATH ships show potential of being the ideal craft for t h a t role.
Recently, the USCG has expressed great interest i n the S!.JATH concept. After sponsoring numerous t r ia l s on both the SSP KAIMLINO and the SUAVE LILO, t h~ USCG sponsored a number of design studies a t bot:, the f e d s i b i l i t y and concept level.
I n 1981, the SWATm :.,Incept became a candidate for possible replacement o i 1 . m classes of patrol craft -t h e i r 70 and 100 LTON Patr, 1
Boats (I-JPB). The Marine Technology
Branch, Researcil and Development Office sponsored a parametric feasibility study, [ 2 ] , of four SWATH ships bracketing the s i z e of the WPBs and a conceptual Medium Endurance C u tt e r (WMEC) s i a i l a r t o the 1000 the !Java1 Engineering Division sponsored a second concept level study for a new c l a s s of ship, a Patrol C u tt e r ( W C ) , which was intended t o be the smallest size SWATH ship capable of carrying and operating a standard USCG helicopter. The r e s u l t was a 450 LTON craft with a I;iaxir;iucl cruise speed of 25 knots and a range of 4000 r m i a t 12 knots. The remainder of t h i s paper presents design data representative of small SNATH ships designed t o lneet USCG missions. Though the concepts are configured for USCG applications, the characteristics presented are a1 so representative of baseline SHAM concepts configured for other missions, i.e., for those w i t h l e s s e r speed or range requirements, higher payload requirelaents, etc. Trade-offs should be performed t o find the SLtJATH concept which best meets a given mission, b u t the data presented should provide good s t a r t i n g !.oints for small SNATH ship designs.
The design criteria upon which t h e USCG studies 're based are: 1. The r e s i s t a n c e c h a r a c t e r i s t i c s were optimized around 10-15 k n o t s for cruise speeds, and 25-28 knots f o r maximum speeds; to contoured) were used, primarily for ease of construction; 2. Simple cylindrical lower hull forms (as opposed 3. Draft was minimized whenever possible; 4. Structural vleight was reduced whenever poss'ble; 5. Seakeeping was t o be adequate; 6. A configuration with the rudder in the wake of the propeller was considered necessary to improve maneuveri ng; 7. All underwater portions of the configuration were t o be within the envelope defined by the above water portion of t h e s h i p , t o minimize underwater hazards and t o ease docking and over-the-side work; 8. Deck wells were not considered necessary or desirable, especially on the helicopter-capable concepts.
The general approach used in designing eacll of the concepts was t o use a configuration optimized for resistance and powering as a baseline, and t h e n perform trade-offs on the various ship sub-systems and charact e r i s t i c s t o find the configuration which best met the mission requirements (i-e., the concept which had satisfactory powering, satisfactory seakeeping, sufficient area, volume and payload capacity, a reasonable structural weight fraction and satisfactory hydrostatic chara c t e r i s t i c s ) . W i t h the basic geometry and characterist i c s e s t a b l i s h e d , more precise weight, area and volume e s t i n a t e s were performed (using the Ship Work Ereakdown Syrte.r,l (SkJBS) as an organizational basis), the ::.>keep-ing properties .Jefe evaluated, the craft's range was estimated, a n d general arrangements of t h e c r a f t were done. Cepending on the level of the design, additional analyses were performed, such as i n t a c t and danaged s t ab i l i t y , prOpUlSion syster;l trade-offs, and nore detailed seakeeping evaluations.
As w i t h conventional r;lonohulls, the structure (Group 1) and the propulsion system (Group 2) were the sub-systerns with the greatest influence on the refinement of these concepts.
For this reason, detailed estimates were made f o r t h e h u l l and propulsion weights in order t o provide accurate ship characterist i c s .
Hull structural weight estimates were made, assuming an all-aluminum structure, by the use of a computer program which estimates the hull structure based only on local loads, with uniformly distributed normal pressure. Since hulls 3 f snaller vessels are predominantly governed by local loadings, this seelx to be the most e f f i c i e n t method to quickly converge on an acceptable estimate. After initial scantling selection is made, the hull is checked for transverse bending of t h e s t r u t s , hull, and cross-structure. If the bending stresses prove t o be excessive, then the plating thicknesses in the strut/cross-structure intersection (the haunch area) are increased t o reduce the stresses t o an allowable level. The allowable stress in the haunch regions was assumed t o be 10 ksi. This was to protect the aluminunl structure against premature failure due to high cycle fatigue. More detailed Group 1 weight estimat.es were done f o r t h e 170 and 450 LTON concepts u s i n g independent methods t o Val idate the structural weight algorithr,i, and showed good correlation.
. A map of shaft power required for snall SWATH ships i s presented in Figure  2 , from Reference 2. This power map is based on numerous analytic studies, the point designs presented herein, and existing SWATH ships. Though SWATH configurations can be "tuned" t o meet spec i f i c speed requirements, the power estimates inclnn .-q i n t h i s f i g u r e a r e "middle o f the road" estimates lor given speeds and displacements. Please note t h a t Fisw e 2 i s a log-log plot.
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